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(54) Coil spring forming and conveying assembly 



(57) Disclosed herein is a coil spring forming ma- 
chine and transfer conveyor assembly 141 comprising 
a transfer conveyor 121 operable through a succession 
of operational cycles and including an endless conveyor 
assembly and a conveyor drive servo-motor driving ly 
connected to the conveyor assembly and operative, up- 
on each energisation thereof, to drive the conveyor as- 
sembly through one operational cycle thereof a first coil 
spring forming machine 113 located on one side of the 
predetermined path, operable through a succession of 
operational cycles, and including a first coil spring form- 
ing head and a first coil spring forming servo-motor driv- 
ingly connected to the first coil spring forming head and 
operative, upon each energisation thereof, to drive the 
first coil spring forming machine through one operational 
cycle thereof, a second coil spring forming machine 115 



located on the other side of the predetermined path, op- 
erable through a succession of operational cycles, and 
including a second coil spring forming head and a sec- 
ond coil spring forming servo-motor drivingly connected 
to the second coil spring forming head and operative, 
upon each energisation thereof, to drive the second coil 
spring forming machine through one operational cycle 
thereof, and a control system 1 35 operative to automat- 
ically and non-selectively cause energisation of the con- 
veyor drive servo-motor in response to completion of 
one operational cycle of one of the first and second coil 
spring forming servo- motors, and operative to automat- 
ically and non-selectively cause energisation of one of 
the first and second coil spring forming servo-motors in 
response lo completion of one operational cycle of the 
conveyor drive servo-motor. 
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D script ion 

BACKGROUND OF THE INVENTION 

[0001] The invention relates generally to machines for 
forming coil springs and delivering such coil springs to 
a coil spring assembling machine in which the coil 
springs are laced or otherwise connected together to 
form a coil spring assembly. In such combined machin- 
ery, a coii spring forming machine individually delivers 
the formed coiled springs to a transfer conveyor which, 
in turn, delivers the coil springs to a transfer apparatus 
which, in turn, delivers the coil springs to the coil spring 
assembling machine to form the coil spring assembly. 
[0002] Attention is directed to the following U. S. Pat- 
ents: 

4,413,659 (Zangerle) issued Nov 8, 1983 
4,492,298 (Zapletal et al.) issued Jan. 8, 1985 
5,477,893 (Wenlzek el al.) issued Dec. 26, 1995 
5,579,810 (Ramsey et al.) issued Dec. 3, 1996 

[0003] Attention is also directed to a prior brochure 
which is entitled "Announcing the World's Fastest, Most 
Advanced Pocket Spring Technology" and which was 
circulated by Elfex International Limited of Pickering, 
Ontario L1 W1 Z9 Canada. 

SUMMARY OF THE INVENTION 

[0004] The invention provides a coil spring forming 
machine and transfer conveyor assembly comprising a 
transfer conveyor operable through a succession of op- 
erational cycles and including an endless conveyor as- 
sembly arranged for periodic travel along a predeter- 
mined path and through a coil spring loading station, a 
conveyor servo-driving device drivingly connected to 
the conveyor assembly and operative, upon each ener- 
gization thereof, to drive the conveyor assembly through 
one operational cycle thereof, a first coil spring forming 
machine located adjacent the predetermined path, op- 
erable through a succession of operational cycles to 
form coil springs, and, during a period of non-movement 
of the conveyor assembly, to load a coil spring on the 
conveyor assembly at the loading station, and including 
a first coil spring forming servo-driving device operative, 
upon each energization thereof, to drive the first coil 
spring forming machine through one operational cycle 
thereof, a second coil spring forming machine located 
adjacent the predetermined path, operable through a 
succession of operational cycles to form coil springs, 
and, during a period of non-movement of the conveyor 
assembly, to load a coil spring on the conveyor assem- 
bly at the loading station, and including a second coil 
spring forming servo-driving device operative, upon 
each energization thereof, to cause actuation of the sec- 
ond coil spring forming machine through one operation- 
al cycle thereof, and a control system operative to au- 



tomatically and non-selectively cause energization of 
the conveyor servo-driving device in response to com- 
pletion of one operational cycle of one of the first and 
second coil spring forming servo-driving devices, and 
5 operative to automatically and non-selectively cause 
energization of one of the first and second coil spring 
forming servo-driving devices in response to completion 
of one operational cycle of the conveyor servo-driving 
device. 

io [0005] The invention also provides a coil spring form- 
ing machine and transfer conveyor assembly compris- 
ing a transfer conveyor operable through a succession 
of operational cycles and including a single endless con- 
veyor assembly arranged for periodic travel along a pre- 

15 determined path and for passage through a coil spring 
loading station, and including a series of pallets which 
are successively located in the loading station incident 
to periodic travel of the conveyor assembly on the pre- 
determined path., and a conveyor drive servo-motor driv- 

20 ingly connected to Ihe conveyor assembly and opera- 
tive, upon each energization thereof, to drive the con- 
veyor assembly through one operational cycle thereof, 
a first coil spring forming machine located on one side 
of the predetermined path, operable through a succes- 

2& sion of operational cycles to form a first coil spring, and, 
when one of the pallets is in the loading station and dur- 
ing a period of non-movement of the conveyor assem- 
bly, to load the first coil spring on the conveyor assembly 
in the loading station, and including a first coil spring 

30 forming servo-motor operative, upon each energization 
thereof, to drive the first coil spring forming machine 
through one operational cycle thereof, a second coil 
spring forming machine located on the other side of the 
predetermined path, operable through a succession of 

35 operational cycles to form a second coil spring, and, 
when the one pallet is in the loading station and during 
a period of non -movement of the conveyor assembly, to 
load the second coil spring on the conveyor assembly 
in the loading station, and including a second coil spring 

40 forming servo-motor operative, upon each energization 
thereof, to drive the second coil spring forming machine 
through one operational cycle thereof, and a control sys- 
tem operative to automatically and non-selectively 
cause energization of the conveyor drive servo-motor 

45 through one operational cycle in response to completion 
of one operational cycle of both of the first and second 
coil spring forming servo-motors, and operative to auto- 
matically and non-selectively cause simultaneous ener- 
gization of the first and second coil spring forming servo- 

50 motors in response to completion of one operational cy- 
cle of the conveyor drive servo-motor. 
[0006] The invention also provides a coil spring form- 
ing machine and transfer conveyor assembly compris- 
ing a transfer conveyor operable through a succession 

55 of operational cycles and including a single endless con- 
veyor assembly arranged for periodic travel along a pre- 
determined path and for passage through a coil spring 
loading station, and including a series of pallets which 
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are successively located in the loading station incident 
to periodic travel of the conveyor assembly on the pre- 
determined path, and which, when located in the loading 
station, extend vertically, and a conveyor drive servo- 
motor drivingly connected to the conveyor assembly 
and operative, upon each energization thereof, to drive 
the conveyor assembly through one operational cycle 
thereof, a first coil spring forming machine located on 
one side of the predetermined path, operable through a 
succession of operational cycles to form a first coil 
spring, and, when one of the pallets is in the loading 
station and during a period of non-movement of the con- 
veyor assembly, to load the first coil spring on the con- 
veyor assembly in the loading station, and including a 
first coil spring forming servo-motor operative, upon 
each energization thereof, to drive the first coil spring 
forming machine through one operational cycle thereof, 
a second coil spring forming machine located on the oth- 
er side of the predetermined path, operable through a 
succession of operational cycles to form a second coil 
spring, and, when the one pallet is in the loading station 
and during a period of non-movement of the conveyor 
assembly, to load the second coil spring on the conveyor 
assembly in the loading station, and including a second 
coil spring forming servo-motor operative, upon each 
energization thereof, to drive the second coil spring 
forming machine through one operational cycle thereof, 
and a control system operative to automatically and 
non-selectively cause energization of the conveyor 
drive servo-motor through a first operational cycle in re- 
sponse to completion of one operational cycle of the first 
coil spring forming servo-motor, operative to automati- 
cally and non-selectively cause energization of the sec- 
ond coil spring forming servo-motor in response to com- 
pletion of the first operational cycle of the conveyor drive 
servo-motor, operative to automatically and non-selec- 
tively cause energization of the conveyor drive servo- 
motor through a second operational cycle in response 
to completion of one operational cycle of the second coil 
spring forming servo-motor, and operative to automati- 
cally and non-selectively cause energization of the first 
coil spring forming servo-motor in response to comple- 
tion of the second operational cycle of the conveyor 
drive servo-motor 

[0007] The invention also provides a coil spring form- 
ing machine and transfer conveyor assembly compris- 
ing a transfer conveyor operable through a succession 
of operational cycles and including an endless conveyor 
assembly arranged for periodic travel along a predeter- 
mined path and through a coil spring loading station and 
including a plurality of pivotally connected pallets each 
having a length which extends in the direction of con- 
veyor assembly travel and which is approximately equal 
to a multiple of the diameter of the coil springs, and a 
conveyor drive servo-motor drivingly connected to the 
conveyor assembly and operative, upon each energiza- 
tion thereof, todrive the conveyor assembly through one 
operational cycle thereof, a coil spring forming machine 
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located adjacent the predetermined path, operable 
through a succession of operational cycles to form a firs! 
coil spring : and, during a period of non-movement of the 
conveyor assembly, to load the first coil spring on the 
5 transfer conveyor, and including a coil spring forming 
servo-motor operative, upon each energization thereof, 
to drive the coil spring forming machine through one op- 
erational cycle thereof, and a control system operative 
to automatically and non-selectively cause energization 

10 of the conveyor drive servo-motor in response to com- 
pletion of one operational cycle of the coil spring forming 
servo-motor, and, thereafter operative to automatically 
and non-selectively cause energization of the coil spring 
forming servo-motor in response to completion of one 

is operational cycle of the conveyor drive servo-motor. 
[0008] The invention also provides a coil spring form- 
ing machine and transfer conveyor assembly compris- 
ing a transfer conveyor operable through a succession 
of operational cycles and including an endless conveyor 

20 assembly arranged for periodic travel along a predeter- 
mined path and through a coil spring loading station, and 
a conveyor drive servo-motor drivingly connected to the 
conveyor assembly and operative, upon each energiza- 
tion thereof, to drive the conveyor assembly through one 

2B operational cycle thereof, a first coil spring forming ma- 
chine located adjacent the predetermined path, opera- 
ble through a succession of operational cycles to form 
coil springs, and, during a period of non-movement of 
the conveyor assembly, to load a coil spring on the trans- 

30 fer conveyor, and including a first coil spring forming ser- 
vo-motor operative, upon each energization .thereof, to 
drive the first coir spring forming machine through one 
operational cycle thereof, a second coil spring forming 
machine located adjacent the predetermined path, op- 

35 erable through a succession of operational cycles to 
form coil springs, and, during a period of nonTmovement 
of the conveyor assembly, to load a coil spring on the 
transfer conveyor, and including a second coil spring 
forming servo-motor operative, upon each energization 

40 thereof, to drive the second coil spring forming machine 
through one operational cycle thereof, and a control sys- 
tem including first and second counting and switching 
devices which are respectively connected to one of (a) 
the conveyor drive and (b) the first and second coil 

45 spring forming servo-motors, and which are respectively 
connectable to and disconnectable from the other of (a) 
the conveyor drive servo-motor, and (b) the first and sec- 
ond coil spring forming servo-motors, the first counting 
and switching device being adjustable to select a de- 

50 sired number of successive operational cycles of the 
first coil spring forming machine, being operable to ef- 
fect the selected desired number of successive opera- 
tional cycles of the first coil spring forming machine by 
successive energization of the first coil spring forming 

55 servo-motor in response to each successive completion 
of the selected desired number of operational cycles of 
the conveyor drive servo-motor, being operable, upon 
completion of the selected desired number of operation- 
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al cycles of the conveyor drive servo-motor to cause 
disconnect ion of the conveyor drive servo-motor and the 
first counting and switching device and connection of the 
conveyor drive servo-motor and the second counting 
and switching device, and the second counting and 
switching device being adjustable to select a desired 
number of successive operational cycles of the second 
coil spring forming machine, being operable to effect the 
selected desired number of successive operational cy- 
cles of the second coil spring forming machine by suc- 
cessive energization of the second coil spring forming 
servo-motor in response to each successive completion 
of the selected desired number of operational cycles of 
the conveyor drive servo-motor, being operable, upon 
completion of the selected desired number of operation- 
al cycles of the conveyor drive servo-motor to cause 
disconnection of the conveyor drive servo-motor and the 
second counting and switching device and connection 
of the conveyor drive servo-motor and the first counting 
and switching device. 

[0009] Other features and advantages of the inven- 
tion will become apparent to those skilled in the art upon 
review of the following detailed description, claims and 
drawings. 

DESCRIPTION OF THE DRAWINGS 

[0010] Figure 1 is a schematic view of a coil spring 
forming and assembling machine which embodies var- 
ious of the features of the invention. 
[0011] Figure 2 is a fragmentary end elevational view 
of one embodiment of a portion of the coil spring forming 
and assembling machine shown in Figure 1 . 
[0012] Figure 3 is an elevational view taken along line 
3-3 of Figure 2. 

[0013] Figure 4 is a plan view of the undersurface of 
one of the pallets included in the construction shown in 
Figure 3. 

[0014] Figure 5 is an enlarged perspective view of the 
pallet shown in Figure 4 with a coil spring located ther- 
eon when the pallet is in the coil spring loading station. 
[001 5] Figure 6 is a top plan schematic view of a por- 
tion of a second embodiment of a coil spring forming 
and assembling machine which embodies various of the 
features of the invention. 

[0016] Figure 7 is an elevational view taken along line 
7-7 of Figure 6. 

[001 7] Figure 8 is a side elevational view of one of the 
pallets included in the construction shown in Figure 7. 
[0018] Figure 9 is a top plan view of the pallet shown 
in Figure 8. 

[0019] Figure 10 is an enlarged perspective view of 
the pallet shown in Figures 8 and 9 with a coil spring 
located thereon when the pallet is in the coil spring load- 
ing station. 

[0020] Figure 11 is an enlarged view of one of the coil 
spring forming machines included in the coil spring form- 
ing and assembling machine shown in Figure 1 . 



[0021] Figure 12 is an exploded view of a wire feed 
advancing mechanism included in the coil spring form- 
ing and assembling machine shown in Figure 11. 
[0022] Figure 1 3 is an exploded view of a pitch control 

5 mechanism included in the coil spring forming and as- 
sembling machine shown in Figure 11. 
[0023] Figure 14 is an exploded view of a diameter 
control mechanism included in the coil spring forming 
and assembling machine shown in Figure 11 . 

10 [0024] Figure 15 is a schematic view of another em- 
bodiment of a coil spring forming and assembling ma- 
chine which embodies various of the features of the in- 
vention. 

[0025] Figure 16 is a diagrammatic view of one em- 

1 $ bodiment of a control system incorporated in the ma- 
chine assembly shown in Figure 2. 
[0026] Figure 17 is a diagrammatic view of a second 
embodiment of a control system incorporated in the ma- 
chine assembly shown in Figure 2. 

20 [0027] Figure 18 is a diagrammatic view of one em- 
bodiment of a control system incorporated in the ma- 
chine assembly shown in Figure 6. 
[0028] Before one embodiment of the invention is ex- 
plained in detail, it is to be understood that the invention 

2S is not limited in its application to the details of the con- 
struction and the arrangements of components set forth 
in the following description or illustrated in the drawings. 
The invention is capable of other embodiments and of 
being practiced or being carried out in various ways. Al- 

30 so, it is understood that the phraseology and terminolo- 
gy used herein is for the purpose of description and 
should not be regarded as limiting. 



35 



GENERAL DESCRIPTION OF THE INVENTION 



[0029] Shown schematically in Figure 1 of the draw- 
ings is a coil spring forming and assembling machine 
111 including first and second coil spring forming ma- 
chines 1 1 3 and 1 1 5 which form and deliver coil springs 

40 to a single, incrementally advancing transfer conveyor 
121 which, in turn, delivers the coil springs to a coil 
spring transfer apparatus 125 which, in turn, delivers the 
coil springs to a coil spring assembly apparatus 131 
which assembles the coil springs into a coil spring as- 

45 sembly. 

[0030] The first and second coil spring forming ma- 
chines 113 and 1 1 5 and the transfer conveyor 121 com- 
prise an integrated coil spring forming machine and 
transfer conveyor assembly 141, in which the first and 

so second coil spring forming machines 113 and 115 are 
respectively located on opposite sides of the transfer 
conveyor 121 for operation to simultaneously or alter- 
nately directly deliver fully formed (and tempered) coil 
springs to the single transfer conveyor 121. The coil 

55 spring forming and assembling machine 111 also in- 
cludes a control system 135 in which operation of the 
coil spring forming machine(s) 1 1 3 and 1 1 5 are depend- 
ent on completion of the incremental advancement of 
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the transfer conveyor 1 21 , and in which operation of the 
transfer conveyor 1 21 is dependent on completion, and 
delivery, of a fully completed coil spring by one or both 
of the coil spring forming machine(s) 113 and 115. 
[0031] More particularly, the transfer conveyor 1 21 in- 
cludes (see Figure 3) an endless conveyor chain or as- 
sembly 151 arranged for periodic .or incremental travel 
along a predetermined path and through a coil spring 
loading station 153, and a (schematically illustrated) 
servo-operated driving motor or other device 155 which 
is suitably mounted on the transfer conveyor 121 and 
which is operatively connected to the transfer conveyor 
chain or assembly 151 for periodically or incrementally 
driving the transfer conveyor chain or assembly 1 51 on 
the predetermined path and through a series of incre- 
mental advances which are all of the same length. Any 
suitable servo-operated driving device, including a line- 
ar servo-motor, can be employed and, in the disclosed 
construction, a commercially available conveyor drive 
servo-molor 1 55 is employed. 

[0032] The endless conveyor chain or assembly 1 51 
includes a series of pivotally connected pallets 161 
which are successively located in the loading station 
153 incident to periodic or incremental travel of the 
transfer conveyor chain or assembly 1 51 on the prede- 
termined path. 

[0033] The pallets 161 can take various forms. In one 
embodiment shown in Figures 4 and 5, the pallets 161 
are of generally identical construction, have a generally 
flat outer surface 1 62 adapted to receive one of the ter- 
minal end coils of a coil spring^ and are generally rec- 
tangular in shape, having a length which, in the direction 
of travel of the transfer conveyor 121 : is substantially 
equal to or slightly more than the major or largest diam- 
eter of two coil springs standing side-by-side. Each pal- 
let 161 also includes one or more magnets 163 which 
are operative to hold the coil springs in place on the pal- 
lets 161 during advancement of the transfer conveyor 
121 . More particularly, in the specifically disclosed con- 
struction, each pallet 161 includes, on the outer surface 
thereof, a plurality of permanent magnets 1 63. Any suit- 
able magnet construction can be employed; 
[0034] Thus, as shown in Figure 5, the bottom termi- 
nal convolution of the coil springs are magnetically held 
by the pallets 161 and the upper terminal convolutions 
thereof come into engagement (see Figure 3) with a sta- 
tionary compression bar 164 as the transfer conveyor 
121 advances the coil springs away from the loading 
station 153. 

[0035] The pallets 161 can be directly pivotally con- 
nected to each otheror, alternatively, the pallets 161 can 
be suitably mounted on, or carried by, a commercial 
chain. In the specific construction shown in Figure 3, the 
pallets are mounted on a commercially obtainable 
chain. 

[0036] Shown in Figures 8, 9, and 10, is another pallet 
construction in which each of the pallets 161 includes a 
lower generally rectangular base web 165 which has a 



lower generally flat surface. At one longitudinal end 
thereof, each of the pallets 161 includes a central ear 
166 having a transverse bore adapted to accept a hinge 
pin (not shown) of suitable construction. At the other lon- 
s gitudinal end thereof, each of the pallets 161 includes a 
pair of transversely spaced ears 168 which receive ther- 
ebetween the central ear 166 of an adjacent one of the 
pallets 161 and which include respective bores adapted 
to receive the just-mentioned hinge pin located in the 

to central ear 166 of the adjadent one of the pallets 161. 
[0037] The pallets 161 shown in Figures 8, 9 ; and 10 
also include, adjacent each end, respective tabs 169 
which extend toward each other in spaced relation to 
the base web 165 and which, in cooperation with the 

is base web 1 65, define sockets or pockets 1 70 which are 
open on each side so to accommodate loading of the 
pallets 161 wtth coil springs from either side. The tab 
169 at the other end, i.e., the end having the spaced 
ears 168, also includes, adjacent each of the sides, re- 

20 speclive upwardly extending generally triangular wing 
portions 1 71 . Accordingly, during coil spring loading, the 
pallet 161 is arranged to laterally receive one end coil 
or convolution of each coil spring to be transported. In 
this regard, the wing portions 171 accommodate the in- 

25 jtia! axial curve of the wire from the end coil. 

[0038] In addition, the transfer conveyor 121 also in- 
cludes a drive wheel or pulley 173 which is periodically 
and incrementally driven about a horizontal axis and rel- 
ative to the coil spring loading station 153 by the con- 

30 veyor drive servo-motor 155, and a wheel member or 
pulley (not shown) which is spaced from the drive wheel 
173 and which is periodically and incrementally rotata- 
bly moveable about a fixed horizontal axis. The endless 
transfer conveyor chain or assembly 151 is partially 

35 trained around the drive wheel 1 73 and the wheel mem- 
ber for periodic and incremental travel along the prede- 
termined path and through the coil spring loading station 
153. 

[0039] In operation, the pallets 161 are successively 

40 located in the loading station 1 53 incident to incremental 
travel or advancement of the transfer conveyor chain or 
assembly 151 on the predetermined path, with each 
such incremental advance occurring in response to 
each energization of the conveyor drive servo-motor 

45 155 and being of the same length. Consequently, each 
incremental advance of the transfer conveyor chain or 
assembly 151 is approximately the length of the pallets 
161. While the endless conveyor chain or assembly 151 
is disclosed above as being periodically and incremen- 

50 tally advanced by the drive wheel 173 which, in turn, is 
driven by the conveyor drive servo-motor 1 55, if desired, 
the wheel member (not shown) could be driven by the 
conveyor drive servo-motor 155 instead of the drive 
wheel or pulley 173 or any other arrangement could be 

55 employed for incrementally advancing the transfer con- 
veyor chain or assembly 151 incident to each energiza- 
tion of the conveyor drive servo-motor 155. 
[0040] The first coil spring forming machine 113 in- 
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eludes (as shown in Figure 2) a (schematically illustrat- 
ed) servo-operated main forming machine driving motor 
or other device 225 which is suitably mounted on the 
first coil spring forming machine 113 and which is oper- 
ative, upon each energization thereof, to cause actua- 
tion of the first coil spring forming machine 113 through 
one operational cycle thereof. Any suitable servo-oper- 
ated driving device, including a linear servo-motor can 
be employed and, in the disclosed construction, a first 
commercially available main forming machine drive ser- 
vo-motor 225 is employed. 

[0041] The servo-operated main forming machine 
drive device 225 controls energization of a wire feed ad- 
vancing mechanism 231 (see Figure 1 2), a pitch control 
mechanism 235 (see Figure 13), and a diameter control 
mechanism 243 (see Figure 14), (all still to be de- 
scribed) and specifically drives or powers a spoke as- 
sembly 291 and a delivery mechanism or conveyor 321 
(all still to be described), all of which are part of the coil 
spring formipg machine 113. 

[0042] The first coil spring forming machine 1 1 3 also 
includes a first coil spring forming head 201 which is pe- 
riodically operative to successively at least partially form 
coil springs. 

[0043] In addition, the first coil spring forming machine 
1 1 3 operates, when one of the pallets 161 is in the load- 
ing station 1 53 and during a period of non-movement of 
the conveyor chain or assembly 151, to deliver or load 
a fully or completed formed (and tempered) coil spring 
on the one of the pallets 161 located in the loading sta- 
tion 153. 

[0044] Except for being located on the opposite side 
of the transfer conveyor 121 from the first coil forming 
machine 113 and except for preferably being of the op- 
posite hand, i.e... being left-handed instead of being 
right-handed, the second coil spring forming machine 
1 15 is generally of identical construction to the first coil 
spring forming machine 1 1 3, could be of the same hand, 
and includes a (schematically illustrated) second servo- 
operated main forming machine driving motor or other 
device 226 which is suitably mounted on the second coil 
spring forming machine 115 and which is operative, up- 
on each energization thereof, to cause actuation of the 
second coil spring forming machine 1 1 5 through one op- 
erational cycle thereof. Any suitable servo-operated 
driving device, including a linear servo-motor, can be 
employed and, in the disclosed construction, a second 
commercially available main forming machine drive ser- 
vo-motor (226) is employed. 

[0045] The second main forming machine drive ser- 
vo-motor 226 controls energization (with respect to the 
second coil spring forming machine 1 15) of a wire feed 
advancing mechanism 231, a pitch control mechanism 
235, and a diameter control mechanism 243, (all still to 
be described) and specifically drives or powers a spoke 
assembly 291 and a delivery mechanism or conveyor 
321 (all still to be described), all of which are part of the 
coil spring formipg machine 115. 



[0046] In addition, the second coil spring forming ma- 
chine 115 also includes a second coil spring forming 
head 21 1 which is periodically operative to successively 
at least partially form coil springs. Still further in addition 
s the second coil spring forming head 211 operates when 
the one of the pallets 161 is in the loading station 153 
and during a period of non-movement of the conveyor 
chain or assembly 151, to load a fully or completely 
formed (and tempered) coil spring on the one of the pal- 
»o lets 161 located in the loading station 153. 

[0047] In an alternative embodiment, as will be dis- 
closed, the second coil forming machine 1 1 5 can be op- 
erative to periodically form coil spring and, when the 
next one of the pallets 161 is in the loading station 153 
and during the next period of non-movement of the con- 
veyor chain or assembly 151, to load a completed or 
fully formed (and tempered) coil spring on the next one 
of the pallets 161. 

[0048] Because the first and second coil spring form- 
*> mg machines 113and 115are generally identically con- 
structed, only the first coil spring forming machine 113 
will be further described. In this regard, the first servo- 
operated main forming machine drive motor or other de- 
vice 225 (and the second servo-operated main forming 
2S machine drive motor 226) can take any suitable form 
including a linear servo-motor, and in the disclosed con- 
struction, is preferably in the form of a commercially 
available servo-motor which is suitably mounted on the 
associated one of the coil spring forming machines 113 
30 and 115. 

[0049] Because the first and second coil spring form- 
ing heads 201 arid 211 are also of the same construc- 
tion, except for being left- and right-handed, only the coil 
spring forming head^Ol will be described. In this regard 
35 the coil spring forming head 201 , as shown best in Fig- 
ures 2 and 11 through 14, is operative successively to 
at least partially form a series of generally identical coil 
springs which can be either knotted or unknotted coil 
and includes a frame 221 including a generally vertically 
40 extending frame member 223. 

[0050] Further in this regard, the first coil spring form- 
ing head 201 includes (see Figure 12) a wire feed ad- 
vancing mechanism 231 which is driven by a a servo- 
operated driving motor or other device 232 which is suit- 
45 ab, V runted in the frame 221 and which is operative 
or energized in response to operation of the main form- 
ing machine drive servo-motor 225 (or 226). The servo- 
operated driving motor or other device 232 can take any 
suitable form, including a linear servo-motor, and in the 
so disclosed construction, is preferably in the form of a 
commercially available wire feed servo-motor (232) 
[0051] In addition, the first coil spring forming head 
201 also mcludcs (see Figure 13) a pitch control mech- 
anism 233 including a pitch control tool 235 and a servo- 
ss operated driving motor or other device 239 which is suit- 
ably mounted on the frame 221 , which is drivingly con- 
nected to the pitch control tool 235, and which is oper- 
ative, in response to each operation of the wire feed ser- 



BNSDOCID: <EP 0899034A2J_> 



6 



11 

vo driving motor or other device 232, to drive or locate 
the pitch control tool 235. The just-mentioned pitch con- 
trol servo-operated driving motor or other device 239 
can take any suitable form, including a linear servo-mo- 
tor, and in the disclosed construction, is preferably in the 
form of a commercially available pitch control servo-mo- 
tor 239. 

[0052] Still further in addition, the first coil spring form- 
ing head 201 also includes (see Figure 14) a diameter 
control mechanism 243 including a diameter control tool 
245 and a servo-operated driving motor or other device 
249 which is suitably mounted on the frame 221, which 
is drivingly connected to the diameter control tool 245, 
and which is operative, in response to each operation 
of the wire feed servo-motor 232, to drive or locate the 
diameter control tool 245. The servo-operated driving 
motor or other device 249 can take any suitable form, 
including a linear servo-motor and in the disclosed con- 
struction, is preferably in the form of a commercially 
available diameter control servo-motor (249). 
[0053] The wire feed advancing mechanism 231 can 
be of any suitable construction and, in the specifically 
disclosed construction, the wire feed advancing mech- 
anism 231 includes (see Figures 11 and 12) a pair of 
feed rollers 251 which arc operative to incrementally ad- 
vance a wire 250 from which the coil springs are formed. 
The feed rollers 251 are respectively mounted on a pair 
of drive shafts 253 which are respectively rotatably sup- 
ported by bearings fixedly supported by the frame mem- 
ber 223 and which are respectively fixed to, and rotata- 
bly driven by, a pair of meshing gears 255. One of the 
meshing gears 255 is rotatively driven by the wire feed 
drive servo-motor 232 which is fixedly mounted on the 
frame 221. 

[0054] The pitch control tool mechanism 233, includ- 
ing the pitch control tool 235, can also be of any suitable 
construction. 

[0055] Various constructions can be employed to driv- 
ingly connect the pitch control tool 235 to the pitch con- 
trol servo-motor 239. In the preferred and specifically 
disclosed construction, (as shown in Figure 1 3) the pitch 
control servo-motor 239 is fixedly mounted on the frame 
221 and is connected by a suitable ballscrew mecha- 
nism 257 to an output member 259 so as to convert the 
rotary output of the pitch control servo-motor 239 into 
axial translatory movement of the output member 259. 
As shown in the drawings, the output member 259 pass- 
es through a bearing supported in the frame member 
223 and includes an outer end 261 having mounted ther- 
eon a pitch contrql tool holder 262 to which the pitch 
control tool 235 is fixed. The pitch control tool holder 262 
and the pitch control tool 235 have common movement 
with the output member 259 incident to operation of the 
pitch control servo-motor 239. The pitch control tool 235 
engages the wire 250 during coil spring formation to ef- 
fect the desired coil spring pitch. 

[0056] The diameter control mechanism 243, includ- 
ing the diameter control tool 245, can also be of any suil- 
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able construction. 

[0057] Various constructions can be employed to driv- 
ingly connect the diameter control tool 245 to the diam- 
eter control servo-motor 249. In the preferred and spe- 
s cifically disclosed construction (as shown in Figures 11 
and 14) the diameter control servo-motor 249 ispivotally 
mounted on the frame 221 and is connected by a suit- 
able ballscrew mechanism 263 to an output member 
265 so as to convert the rotary output of the diameter 

10 control servo-motor 249 into axial translatory movement 
of the output member 265. As shown in the drawings, 
at the outer end thereof, the output member 265 is piv- 
otally connected to one end of a lever 267 which, at the 
other end thereof, is fixedly connected to a shaft mem- 

15 ber 269 which passes through a bearing fixedly support- 
ed by the frame member 223 and which, at the outer 
end thereof, includes a radially outwardly extending di- 
ameter control finger 271 which pivots about the axis of 
the shaft member 269 incident to axial translatory move- 

20 menl of the output member 265 driven by the diameter 
control servo-motor 249. At the outer end thereof, the 
diameter control finger 271 includes the diameter con- 
trol tool 245 which engages the wire 250. 
[0058] Both the pitch control servo-motor 239 and the 

25 diameter control servo-motor 249 arc dcpcndcnLupon, 
and are operated or energized in response to, energiza- 
tion of the wire feed servo-motor 232. However, the op- 
eration of the pitch control servo-motor 239 and the di- 
ameter control servo-motor 249 can be varied by suita- 

30 ble controls in order to vary the pitch and diameter of 
the coil springs being formed. Notwithstanding, and to 
repeat, the pitch control servo-motor 239 and the diam- 
eter control servo-motor 249 operate only in response 
to, and during the operation of, the wire feed servo-mo- 

35 tor 232. 

[0059] The first coil forming machine 113 also in- 
cludes (as shown in Figure 11 ) a rotating spoke assem- 
bly 291 which is of known construction, which is rotata- 
bly mounted on the frame 221 , and which includes a hub 
40 293, and a plurality of spokes or arms 295 which extend 
from the hub 293 and which respectively include, at th 
outer end thereof, a releasable gripping mechanism 
297. 

[0060] The spoke assembly 291 is incrementally ro- 
45 tatably driven by the main forming machine drive servo- 
motor 225 in such manner as to serially locate one of 
the spokes 295 and associated gripping mechanism 
297 in position to grasp a partially formed coil spring as 
the partially formed coil spring exits the coil forming 
50 head 201. Thereafter, the spoke assembly 291 incre- 
mentally rotates in response to each succeeding ener- 
gization of the main forming machine drive servo-motor 
225 so as to first move the gripped coil spring to a bend- 
ing or other work station 301. At the bending or other 
55 work station 301, the axially spaced terminal coils or 
ends of the coil spring are further formed by suitable, 
schematically illustrated, wire forming mechanism(s) 
303 which are of known construction and which are sup- 
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ported by the frame 221 at the bending or other work 
station 301 The wire forming mechanism(s) 303 are uti- 
lized to further form the partially formed coil springs by 
performing such operations as bending, knotting, crimp- 
ing, or any other further formation of the coil spring ends. 
The wire forming mechanism(s) 303 can be driven by 
any suitable arrangement, including a servo-operated 
drive motor(s) or other device(s) (not shown), which, 
preferably, can be in the form of a commercially availa- 
ble servo-motor(s) which is/are mounted on the frame 
221. 

[0061] Thereafter, the spoke assembly 291 again in- 
crementally rotates to move the gripped coil spring so 
as to serially deliver the partially formed coil spring to a 
transfer station 315 wherein the gripped coil spring is 
released and is contacted (see Figure 2) by a delivery 
mechanism or conveyor 321 which is part of the first coil 
spring forming machine 113, which is powered by the 
main forming machine drive servo-motor 225, and which 
can be of any suitable construction. 
[0062] In the construction shown in Figure 2, the de- 
livery mechanism or conveyor 321 includes a schemat- 
ically illustrated apparatus 325 which is operative (if for- 
mation of the coil spring was not completed by the wire 
forming mcchanism(s) 303) to complete the forming of 
the coil springs by finally bending the ends of the axially 
spaced terminal coils and which is operative to temper 
the coil springs during travel therealong to the transfer 
conveyor 121 at the coil spring loading station 153. Any 
suitable final bending and coil spring tempering appara- 
tus can be employed, such as the apparatus disclosed 
in New Zealand Patent Application Serial No. 

• fi,ed _ and enti- 



tled "Spring Formation". 
[0063] The delivery mechanism or conveyor 321 is ar- 
ranged to deliver the fully formed and tempered coil 
springs to the pallets 161 of the transfer conveyor 121 
when, as already noted, the pallets 161 are located in a 
vertical disposition or orientation. 
[0064] The delivery mechanism or conveyor 321 can 
also include a mechanism (not shown) for angularly ori- 
entating the coil spring ends so that, upon delivery of 
the coil springs to the transfer conveyor 121, the coil 
spring ends will be properly orientated on the transfer 
conveyor 121. 

[0065] In the embodiment shown in Figure 2, as will 
be more fully disclosed hereinafter, the coil spring form- 
ing machines 113 and 115 simultaneously deliver coil 
springs to the transfer conveyor 121 so that the coil 
springs are located in side-by-side relation in the direc- 
tion of travel of the transfer conveyor 1 21 . In this regard, 
the delivery mechanism or conveyor 321 of one of the 
coil spring forming machines 11 3 and 11 5 is located ver- 
tically (as shown in Figure 2) so as to deliver coil springs 
to the upper half of the pallet 161 which extends verti- 
cally in the loading station 153. The other of the coil 
spring forming machines 113 and 115 is located or ar- 
ranged so that the delivery mechanism or 321 is at a 



lower vertical location so as to deliver coil springs to the 
lower half of the same pallet in the loading station 153. 
[0066] In the embodiment shown in Figure 7, as will 
be more fully disclosed hereinafter, the coil spring form- 
5 ing machines 1 1 3 and 1 1 5 alternately deliver coil springs 
to the transfer conveyor 121. More specifically, one of 
the coil spring forming machines 113 and 115 is opera- 
tive to deliver a coil spring to the pallet 161 which ex- 
tends vertically in the loading station 153 and then, after 
io an incremental advancement of the transfer conveyor 
121, the other one of the coil spring forming machines 
113 and 115 is operative to deliver a coil spring to the 
next pallet 161 which is then vertically located in the 
loading station 153. 
is [0067] Alternatively, if desired, the coil spring forming 
machine(s) 113 and 115 can be arranged to temper the 
coil springs by a suitable tempering mechanism 351 lo- 
cated at a tempering station situated along the path of 
the spoke assembly 291 and during the dwell of the 
20 spoke assembly 291 between energizations of the main 
forming machine drive servo-motor 255. Also, if desired, 
the coil spring forming machine(s) 113 and 115 can be 
located so as to enable the spoke assembly 291 to di- 
rectly and serially deliver fully formed and tempered coil 
2S springs to the transfer conveyor 121, without employing 
the delivery mechanism or conveyor 321 described 
above. 

[0068] In another alternative construction, a linearly 
operating transport device or mechanism (not shown) 
30 can be employed (in place of the spoke assembly 291 ) 
between a coil spring forming head and the loading sta- 
tion 153 associated with the transfer conveyor 121. 
More specifically, in this construction, the transport 
mechanism (not shown) serves to linearly carry a par- 
as tially formed coil spring from a suitable coil spring form- 
ing head to a first or coil spring bending or knotting sta- 
tion (which includes a suitable mechanism for bending 
or knotting), and, simultaneously, to carry the previously 
formed coil spring from the first station to a second or 
40 tempering station (including a suitable tempering de- 
vice). Thereafter, the tempered coil spring can be deliv- 
ered to the loading station 153 by another coil spring 
conveying device. In general, any suitable construction 
can be employed for transporting coil springs from the 
45 coil spring forming heads to the loading station 153 of 
the transfer conveyor 121. 

[0069] The coil spring forming and assembling ma- 
chine 111 also includes the before-mentioned control 
means or system 135 which coordinates the operation 

50 of the coil spring forming machine(s) 1 1 3 and 1 1 5 and 
the transfer conveyor 121 (as well as the transfer appa- 
ratus 125 and the assembly apparatus 131). In re- 
sponse to operation of the control system 1 35, one op- 
erational cycle of the conveyor drive servo-motor 155 

55 causes one incremental advance of the transfer con vey- 
or 121 . Upon completion of such incremental conveyor 
assembly advance, the first and second main forming 
machine drive servo-motors 225 and 226 are energi7ed 
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to cause advancement by the wire feed servo-motor 232 
of the wire 250 through the coil forming head 201 , there- 
by partially forming a coil spring by the associated coil 
forming head 201 , to cause one increment of rotation of 
the associated spoke assembly 291 by the associated 
main forming machine drive servo-motor 225 or 226, to 
cause one operation of the bending mechanism 303, to 
cause one operation of the tempering mechanism 351 
(if included), and to cause delivery of one fully complet- 
ed and tempered coil spring by the delivery mechanism 
321 to the transfer conveyor 121. In normal operation, 
the main forming machine drive servo-motor 225 is ac- 
tuated several times, in respective response to an equal 
number of incremental advancements of the transfer 
conveyor 121, before full completion and tempering of 
a coil spring and delivery thereof takes place. However, 
during normal operation, one coil spring is completed 
for each incremental advancement of the transfer con- 
veyor 121. 

[0070] In the embodiment shown in Figure 2, the con- 
trol system 135 is operative to automatically and non- 
selective^ cause energization of the conveyor drive ser- 
vo-motor 1 55 through one operational cycle in response 
to completion of one operational cycle of both of the first 
and second main forming machine drive servo-motors 
225 and 226 and is also operative to automatically and 
non-selectively cause simultaneous energization of the 
first and second forming machine drive servo-motors 
225 and 226 in response to completion of one opera- 
tional cycle of the conveyor drive servo-motor 155. 
[0071] In this last regard, the transfer conveyor drive 
servo-motor 155 is serially and incrementally operated 
in response to serial completion of coil springs by the 
coil spring forming machines 113 and 115. In turn, the 
main forming machine drive servo-motors 225 and 226 
of the coil spring forming machines 1 1 3 and 1 1 5 are ac- 
tuated or energized to complete full formation, temper- 
ing, and delivery to the vertically extending pallets 161 
in response to completion of each incremental advance 
of the transfer conveyor 121. Thus, every time the trans- 
fer conveyor 121 completes one incremental advance- 
ment, thereby locating one of the platens 161 in a ver- 
tical disposition in the loading station 1 53, the coil spring 
forming machines 113 and 115 are each energized so 
as to complete one coil spring and to deliver the com- 
pleted coil spring to the vertically extending pallet 161 
which is then at rest in the loading station 153. 
[0072] Still more specifically, Figure 16 illustrates di- 
agrammatically one embodiment of the control system 
315. As depicted therein, the conveyor servo-motor 155 
and the first and second main forming machine drive 
servo-motors 225 and 226 are normally off. 
[0073] The conveyor drive servo-motor 1 55 can be in- 
itially energized by the operator and thereafter, in re- 
sponse to completion of one operational cycle of the 
conveyor drive servo-motor 1 55, the conveyor drive ser- 
vo-motor 155 is deenergized or turned off and remains 
turned off until completion of the next cycle of both of 
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the first and second main forming machine servo-mo- 
tors 225 and 226. In addition, completion of one opera- 
tional cycle of the conveyor drive servo-motor 155 pro- 
duces an energizing signal which is sent to both the first 
5 and second main forming machine servo-motors 225 
and 226 : whereby both servo-motors are energized or 
turned on. Thereafter, upon completion of one opera- 
tional cycle of both of the first and second main forming 
machine servo-motors 225 and 226, the first and second 
10 forming machine drive servo-motors 225 and 226 are 
deenergized or turned off and remain turned off until 
completion of the next cycle of the conveyor drive servo- 
motor 1 55. 1 n addition, completion of one operational cy- 
cle of both of the first and second main forming machine 
is servo-motors 225 and 226, turns on or restarts the con- 
veyor drive servo-motor 155. 

[0074] Energization of the main forming machine 
drive servo-motors 225 and 226 serves also to deriva- 
tively energize the wire feed servo-motors 232 for an 
appropriate period of lime to complete one cycle of the 
wire feed servo-motors 232. In turn, energization of the 
wire feed servo-motors 232 serves to energize, i.e., to 
turn on and off, the pitch control and diameter control 
servo-motors 239 and 249 for an appropriate period of 
time to complete one cycle of these servo-motors, all 
within the time period of one operational cycle of the 
main forming machine drive servo-motors 225 and 226. 
[0075] The control system 315 also includes a first 
counter 331 which is adjustable to vary the count and 
which counts the number of completed operational cy- 
cles of the conveyor drive servo-motor 155, (or of one 
of the main forming machine drive servo-motors 225 
and 226). When a predetermined count is reached, i.e., 
when the desired number of number of coil springs are 
located on the transfer conveyor 121 in a row adjacent 
the coil spring transfer apparatus 125, the counter 331 
operates to prevent energization or turning on of the 
main forming machine servo-motors 225 and 226. How- 
ever, when the transfer of a row of coil springs from the 
transfer conveyor 121 is completed, the counter 331 is 
signaled, i.e., is reset, and operates to thereafter permit 
energization of the main forming machine drive servo- 
motors 225 and 226. If the count is incomplete, the coun- 
ter 331 permits the energization of, i.e., the initiation of 
the next cycle of, the wire feed servo-motors by the main 
forming machine servo-motors 225 and 226 so as to en- 
able the wire feed servo-motors to feed another prede- 
termined length of wire. 

[0076] More specifically, in the control system shown 
in Figure 1 6, each complete cycle ol the conveyor servo- 
motor results in the sending of a signal to the counter 
331 which, when the count is incomplete, permits initi- 
ation of the next cycle of the forming machine main ser- 
vo-motors 225 and 226. When the count is complete, 
the counter 331 prevents the next initiation of the cycle 
of the conveyor servo-motor 1 55 until reset in response 
to completion of the transfer of a row of coil springs from 
the transfer conveyor 1 21 to the coil spring transfer ap- 
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paratus 125. 

[0077] Any suitable construction can be employed to 
provide the counter 331 . 

[0078] Figure 17 illustrates diagrammatically a sec- 
ond embodiment of the control system 315. As depicted 
therein, the control system 315 is the same as that 
shown in Figure 16, except that an additional counter 
333 also serves to control energization of, or initiation 
of the next cycle of, the wire teed servo-motors 232 by 
the forming machine main servo-motors 225 and 226, i. 
e., when the count at the counter 331 is incomplete, in- 
itiation of the next cycle of the wire feed servo-motors 
232 by the forming machine main servo-motors 225 and 
226 is allowed by the counter 331. When the count is 
complete, but the counter 331 has not been reset, en- 
ergization of the wire feed servo-motors 232 by the form- 
ing machine main servo-motors 225 and 226 is prevent- 
ed. After resetting of the counter 333, the counter 333 
sends a signal permitting restarting of the conveyor ser- 
vo-motor 155. 

[0079] Any suitable construction can be employed to 
provide the counter 333. 

[0080] As a consequence of the operation of the just- 
described embodiment of the control system 135, each 
energization of the main forming machine drive servo- 
motors 225 and 226 of the coil spring forming machines 
113 and 115 is dependent on, and occurs only in re- 
sponse to, each succeeding incremental advancement 
of the transfer conveyor 121 , and each energization of 
the conveyor drive servo-motor 1 55 (and consequent in- 
cremental advancement of the transfer conveyor 121) 
is dependent on, and occurs only in response to, each 
preceding completion of one coi! spring by each of the 
coil spring forming machines 113 and 115. 
[0081] The control system 135 also desirably includes 
one or more stop functions which is/are operable, in the 
event of a malfunction, such as the absence of a coil 
spring on one of the pallets 161 of the transfer conveyor 
121, to disable further operation of the conveyor drive 
servo-motor 155 and the main forming machine drive 
servo-motors 225 and 226. 

[0082] In operation of the machine assembly 111 as 
thus far disclosed, the conveyor drive servo-motor 155 
is periodically and incrementally operated to move the 
transfer conveyor 121 through such distance as will lo- 
cate the pallet 161 in a vertical orientation. Thereafter, 
and as a consequence of completion of the incremental 
movement of the transfer conveyor 121 , the coil spring 
forming machines 113 and 115 are operated to respec- 
tively produce and deliver a coil spring to the vertically 
extending pallet 161 . Thereafter, the conveyor drive ser- 
vo-motor 155 is again energized to again advance the 
transfer conveyor 1 21 though the given incremental dis- 
tance which is approximately equal to the length of the 
pallets 161 in the direction of conveyor advance. 
[0083] In operation of the embodiment shown in Fig- 
ure 2, the machine assembly 111 is energized to cause 
each of the coil spring forming machines 1 1 3 and 1 1 5 to 



simultaneously deliver a coil spring to the one of the pal- 
lets 161 which is vertically extending during non-move- 
ment of the transfer conveyor 121. As a consequence, 
each pallet 161 receives two coil springs in side-by-side 
5 relation, and in slightly spaced relation in the direction 
of conveyor travel, with one of the coil springs desirably 
being of left-handed construction, and with the other of 
the coil springs desirably being of right-handed con- 
struction. If desired, both coil springs could be of the 
10 same hand. 

[0084] In another embodiment which includes only a 
single coil spring forming machine which directly sup- 
plies fully formed coil springs to the transfer conveyor 
1 21 , i.e. , the spring assembly machine 1 1 1 shown in Fig- 
's ure 1 with only one coil spring forming machine, the con- 
trol system 315 is operative to automatically and non- 
selectively cause energization of the conveyor drive ser- 
vo-motor 155 in response to completion of one opera- 
tional cycle of the main forming machine drive servo- 
20 motor 255. and, thereafter, is operative to automatically 
and non-selectively cause energization of the main 
forming machine drive servo-motor 225 in response to 
completion of one operational cycle of the conveyor 
drive servo-motor 155. Thereafter, completion of one 
2S operational cycle of the main forming machine drive ser- 
vo-motor 225 causes energization of the conveyor drive 
servo-motor 155 to provide one incremental advance of 
the transfer conveyor 121, and so on. 
[0085] More particularly in the this regard, shown 
30 schematically in Figure 18 is a control system 411 for 
the machine assembly shown in Figure 6. The control 
system 411 is generally identical to the control system 
315 shown in Figure 16, except that the counter 331 is 
omitted, and except that the signal generated in re- 
35 sponse to completion of one cycle of the conveyor ser- 
vo-motor 155 causes a switching device 421 to alter- 
nately energize the first and second main forming ma- 
chine drive servo-motors 225 and 226. In addition, as 
distinguished from the control systems 315 shown in 
40 Figures 16 and 17, the conveyor servo-motor 155 can 
be energized by a signal from either of the forming ma- 
chine main servo-motors 225 and 226. Thus, after com- 
pletion of a first cycle of the conveyor drive servo-motor 
155, one of the first servo-motors 225 and 226 is ener- 
45 gized or turned on, while the other one of the forming 
machine drive servo-motors 225 and 226 remains deen- 
ergized, and then, after completion of the next cycle of 
the conveyer drive servo-motor 1 55, the other one of the 
servo-motors 225 and 226 is energized or turned on, 
50 while the first mentioned one of the servo-motors 225 
and 226 remains deenergized. 

[0086] Any suitable construction can be employed to 
provide the switching device 421 

[0087] In addition, the control system 411 of Figure 18 
55 differs from the control system 31 5 of Figure 1 6 in that 
the power line to the conveyor drive servo-motor 155 
includes first and second parallel branches 427 and 429 
which are respectively connected to the lines which car- 
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ry the signals indicating completion of the operational 
cycles of the first and second main forming machine 
drive servo-motors 225 and 226. Thus, whenever the 
operational cycle of one of the main forming machine 
drive servo-motors 225 and 226 is completed, the con- 
veyor drive servo-motor 155 is again energized or 
turned on. 

[0088] In the embodiment shown in Figure 6, the con- 
trol system 1 35 (a) is operative to automatically and non- 
selective^ cause energization of the conveyor drive ser- 
vo-motor through a first operational cycle in response to 
completion of one operational cycle of the second main 
forming machine drive servo-motor 226, (b) is operative 
to automatically and non-selectively cause energization 
of the first main forming machine drive servo-motor 225 
in response to completion of the first operational cycle 
of the conveyor drive servo-motor 155, (c) is operative 
to automatically and non-selectively cause energization 
of the conveyor drive servo-motor 1 55 through a second 
operational cycle in response to completion of one op- 
erational cycle of the first main forming machine drive 
servo-motor 225, (d) is operative to automatically and 
non-selectively cause energization of the second main 
forming machine drive servo-motor 226 in response to 
completion of the second operational cycle of the con- 
veyor drive servo-motor 1 55. 

[0089] Thus, in operation of the embodiment shown 
in Figure 6, the main forming machine drive servo-mo- 
tors 225 and 226 are alternately energized to cause the 
coil spring forming machines 113 and 115 to alternately 
deliver completed coil springs to the transfer conveyor 
121. More specifically, the machine assembly is ar- 
ranged so that, initially, one of the coil forming machines 
1 1 3 and 1 1 5 delivers one end convolution of a coil spring 
into the pocket 170 of one pallet 161 when the one pallet 
is located in vertically extending orientation in the load- 
ing station 153 during non-movement of the transfer 
conveyor 121. Thereafter, the transfer conveyor 121 is 
advanced through one increment of movement approx- 
imately equal to the length of one pallet 161 and so as 
to locate the next one of the pallets 161 in vertically ex- 
tending orientation in the loading station 1 53. Thereaf- 
ter, the other of the coil spring forming machines 113 
and 115 delivers one end convolution of another coil 
spring (which is desirably of the other hand) into the 
pocket 170 of the next pallet 161 when the next pallet 
161 is located in vertically extending orientation in the 
loading stalion 1 53 during non-movement of the transfer 
conveyor 121. 

[0090] As a consequence, every other pallet 161 re- 
ceives one coil spring which is desirably of a given hand, 
i.e., either left- or right-hand, while all of the intermediate 
pallets 161 receive one coil spring which, desirably, is 
of the other hand. However if desired, the coil forming 
machines 113 and 1 1 5 could be operated to deliver coils 
of the same hand to the transfer conveyor. 
[0091] In another embodiment of the invention which 
is shown in Figure 15 and which is otherwise similar to 



the arrangement shown in Figure 6, the control system 
315 is arranged to afford selective delivery by the coil 
spring forming machines 113 and 115 to the transfer 
conveyor 121. This capability permits the formation of 

5 coil spring rows (on the transfer conveyor 1 21 ) of a se- 
lected number of coil springs formed by one of the coil 
spring forming machines 113 and 115, followed by an- 
other selected number of coil springs formed by the oth- 
er one of the coil spring forming machines 1 1 3 and 1 1 5. 

io As a consequence, when one of the coil spring forming 
machines 113 and 115 manufactures coil springs of one 
selected configuration and the other of the coil spring 
forming machines 113 and 115 manufactures coil 
springs of another configuration, spring assemblies can 

*s be manufactured with predetermined variations in 
springiness. 

[0092] More particularly, the control system 315 can 
be arranged to include first and second counting and 
switching devices 41 3 and 41 5 which are of any suitable 

20 construction, which are respectively connected to the 
main forming machine drive servo-motors 225 and 226 
of the first and second coil spring forming machines 113 
and 1 1 5, which are connectable to and disconnectable 
from the conveyor drive servo-motor 155 and which re- 

25 spectivoly include count adjusting knobs 423 and 425, 
whereby the number of coil springs to be delivered from 
either one of the first and second coil spring forming ma- 
chines 113and 11 5 to the transfer conveyor 121, before 
delivery of coil springs from the other one of the ma- 

30 chines to the transfer conveyor 121, can be varied from 
Oto X. 

[0093] In the alternative, if desired, the first and sec- 
ond counting and switching devices 413 and 415 can 
be connected to the conveyor drive servo-motor 155 
35 and can be respectively connectable to and disconnect- 
able from the main forming machine drive servo-motors 
225 and 226 of the first and second coil spring forming 
machines 113 and 115. 

[0094] In operation of one embodiment, initially, the 

40 first and second counting and switching devices 41 3 and 
41 5 are arranged so that the first counting and switching 
device 413 is connected to the conveyor drive servo- 
motor 155. and so that the second counting and switch- 
ing device 415 is disconnected from the conveyor drive 

45 servo-motor 155. When thus arranged, and after manip- 
ulation of the adjusting knob 423 of the first counting and 
switching device 41 3 to select a desired number of suc- 
cessive operational cycles of the first coil spring forming 
machine 113, the arrangement is (a) thereafter opera- 

50 tive to effect the selected desired number of successive 
operational cycles of the first coil spring forming ma- 
chine 1 1 3 by successive energization of the main form- 
ing machine drive servo-motor 225 of the first coil spring 
forming machine 113 in response to each successive 

55 completion of the selected desired number of operation- 
al cycles of the conveyor drive servo-motor 1 55, and (b) 
thereafter, and upon completion of the selected desired 
number of operational cycles of the conveyor drive ser- 



11 

BNSDOCID: <EPj 0899034A2J_> 



21 



EP 0 899 034 A2 



22 



vo-motor 155, is operable to effect disconnection of the 
first counting and switching device 41 3 from the convey- 
or drive servo-motor 1 55 and connection of the second 
counting and switching device 415 to the conveyor drive 
servo-motor 155. 5 
[0095] After such connection and disconnection, the 
second counting and switching device 41 5, and assum- 
ing that the adjusting knob 425 of the second counting 
and switching device 415 has been adjusted to select a 
desired number of successive operational cycles of the 10 
second coil spring forming machine 115, the arrange- 
ment is (a) thereafter operative to effect the selected de- 
sired number of successive operational cycles of the 
second coil spring forming machine 115 by successive 
energization of the main forming machine drive servo- is 
motor 226 of the second coil spring forming machine 1 1 5 
in response to each successive completion of the se- 
lected desired number of operational cycles of the con- 
veyor drive servo-motor 155, and (b) thereafter, and up- 
on completion of the selected desired number of oper- so 
ational cycles of the conveyor drive servo-motor 1 55, is 2. 
operative to effect disconnection of the second counting 
and switching device 41 5 from the conveyor drive servo- 
motor 155 and re-connection of the first counting and 
switching device 41 3 to the conveyor drive servo-motor 2S 
155. Thereafter the first counting and switching device 
41 3 operates as described just above. 
[0096] Because it is believed that anyone skilled in the 
art can readily construct the control system 135 to obtain 
the operations disclosed above in detail, description of so 
particular devices and components included in the con- 
trol system 1 35 is believed to be unnecessary. 3. 
[0097] Various of the features of the invention are set 
forth in the following claims. 

35 

Claims 

1 . A coil spring forming machine and transfer convey- 
or assembly comprising a transfer conveyor opera- 40 
ble through a succession of operational cycles and 
including an endless conveyor assembly arranged 4. 
for periodic travel along a predetermined path and 
through a coil spring loading station, a conveyor 
servo-driving device drivingly connected to said 45 5. 
conveyor assembly and operative, upon each en- 
ergization thereof, to drive said conveyor assembly 
through one operational cycle thereof, a first coil 
spring forming machine located adjacent said pre- 
determined path, operable through a succession of so 
operational cycles to form coil springs, and, during 
a period of non-movement of said conveyor assem- 
bly, to load a coil spring on said conveyor assembly 
at said loading station, and including a first coil 6. 
spring forming servo-driving device operative, upon ss 
each energization thereof, to drive said first coil 
spring forming machine through one operational cy- 
cle thereof, a second coil spring forming machine 



located adjacent said predetermined path, operable 
through a succession of operational cycles to form 
coil springs, and. during a period of non-movement 
of said conveyor assembly, to load a coil spring on 
said conveyor assembly at said loading station, and 
including a second coil spring forming servo-driving 
device operative, upon each energization thereof, 
to cause actuation of said second coil spring form- 
ing machine through one operational cycle thereof, 
and a control system operative to automatically and 
non-selectively cause energization of said convey- 
or servo-driving device in response to completion 
of one operational cycle of one of said first and sec- 
ond coil spring forming servo-driving devices, and 
operative to automatically and non-selectively 
cause energization of one of said tirst and second 
coil spring forming servo-driving devices in re- 
sponse to completion of one operational cycle of 
said conveyor servo-driving device. 

An assembly in accordance with Claim 1 wherein 
said control system operates to automatically and 
non-selectively cause energization of said convey- 
or servo-driving device in response to completion 
of one operational cycle of both of said first and sec- 
ond coil spring forming servo-driving devices, and 
operates to simultaneously energize said first and 
second coil spring forming servo-driving devices in 
response to completion of the same operational cy- 
cle of said conveyor drive servo-motor. 

An assembly in accordance with Claim 1 wherein 
said control system operates to energize said first 
coil spring forming servo-driving device in response 
to completion of one of the operational cycles of 
said conveyor servo-driving device, and wherein 
said control system operates to energize said sec- 
ond coil spring forming servo-driving device in re- 
sponse to completion of the next one of the opera- 
tional cycles of said conveyor servo-driving device. 

An assembly in accordance with Claim 1 wherein 
said servo-driving devices are servo-motors. 

An assembly in accordance with Claim 1 wherein 
said conveyor assembly includes a series of pallets 
which are pivotally connected, which, when located 
in said loading station, extend vertically, and which 
have a length which extends in the direction of con- 
veyor assembly travel and which is approximately 
equal to a multiple of the diameter of the coil 
springs. 

An assembly in accordance with Claim 5 wherein 
said first and second coil spring forming machines 
simultaneously deliver fully completed coil springs 
to the one of said pallets which is located in said 
loading station. 
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7. An assembly in accordance with Claim 5 wherein 
said first coil spring forming machine delivers a fully 
completed coil spring to the one of said pallets 
which is located in said loading station, and wherein 
said second coil spring forming machine delivers a s 
fully completed coil spring to the next one of said 
pallets which is located in said loading station. 

8. An assembly in accordance with Claim 1 wherein 
said first coil spring forming machine also includes io 
a first coil spring forming head which is periodically 
operative to at least partially form coil springs and 
which also includes a first wire feed advancing 
mechanism, a first wire feed servo-driving device 
drivingiy connected to said first wire feed advancing is 
mechanism and being operative in response to op- 
eration of said conveyor servo-driving device, a first 
pitch control tool, a first pitch control servo-driving 
device drivingiy connected to said pitch control tool 
and being operative in response to operation of said 20 
first wire feed servo-driving device, a first diameter 
control tool, and a first diameter control servo-driv- 
ing device drivingiy connected to said diameter con- 
trol tool and being operative in response to opera- 
tion of said first wire feed servo-driving device, and 25 
wherein said second coil spring forming machine al- 
so includes a second coil spring forming head which 

is periodically operative to at least partially form coil 
springs and which includes a second wire feed ad- 
vancing mechanism, a second wire feed servo-driv- 30 
ing device drivingiy connected to said second wire 
feed advancing mechanism and being operative in 
response to operation of said conveyor servo-driv- 
ing device, a second pitch control tool, a second 
pitch control servo-driving device drivingiy connect- 35 
ed to said pitch control tool and being operative in 
response to operation of said second wire feed ser- 
vo-driving device, a second diameter control tool, 
and a second diameter control servo-driving device 
drivingiy connected to said diameter control tool 40 
and being operative in response to operation of said 
second wire feed servo-driving device. 

9. An assembly in accordance with Claim 8 wherein 
said pitch control and said diameter control servo- 46 
driving devices are servo-motors. 

10. An assembly in accordance with Claim 1 wherein 
said first coil spring forming machine also includes 

a first coil spring forming head which is periodically so 
operative to at least partially form a first coil spring 
having opposite ends, and a first coil spring com- 
pleting and delivering mechanism operative to com- 
plete formation of the partially formed first coil 
spring and to deliver the completely formed first coil ss 
spring to said transfer conveyor, and including a first 
station including a first device for forming the oppo- 
site ends of the partially formed first coil spring to 
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form a completely formed first coil spring, and a sec- 
ond station including a first device for tempering the 
completely formed first coil spring, and wherein said 
second coil spring forming machine also includes a 
second coil spring forming head which is periodical- 
ly operative to at least partially form a second coil 
spring having opposite ends, and a second coil 
spring completing and delivering mechanism oper- 
ative to complete formation of the partially formed 
second coil spring and to deliver the completely 
formed second coil spring to said transfer conveyor, 
and including a first station including a first device 
for forming and/or locating the opposite ends of the 
partially formed second coil spring to form a com- 
pletely formed second coil spring, and a second sta- 
tion including a first device for tempering the com- 
pletely formed second coil spring. 

11. An assembly in accordance with Claim 10 wherein 
said first coil spring completing and delivering 
mechanism also includes a first coil transporting de- 
vice for removing the first coil spring from the first 
coil spring forming head and fortransporting the first 
coil spring through said first and second stations to 
said transfer conveyor, and wherein said second 
coil spring completing and delivering mechanism al- 
so includes a second coil transporting device for re- 
moving the second coil spring from the second coil 
spring forming head and for transporting the second 
coil spring through said first and second stations to 
said transfer conveyor. 

12. A coil spring forming machine and transfer convey- 
or assembly comprising a transfer conveyor opera- 
ble through a succession of operational cycles and 
including a single endless conveyor assembly ar- 
ranged for periodic travel along a predetermined 
path and for passage through a coil spring loading 
station, and including a series of pallets which are 
successively located in said loading station incident 
to periodic travel of said conveyor assembly on said 
predetermined path, and a conveyor drive servo- 
motor drivingiy connected to said conveyor assem- 
bly and operative, upon each energization thereof, 
to drive said conveyor assembly through one oper- 
ational cycle thereof, a first coil spring forming ma- 
chine located on one side of said predetermined 
path, operable through a succession of operational 
cycles to form a first coil spring, and, when one of 
said pallets is in said loading station and during a 
period of non-movement of said conveyor assem- 
bly, to load the first coil spring on said conveyor as- 
sembly in said loading station, and including a first 
coil spring forming servo-motor operative, upon 
each energization thereof, to drive said first coil 
spring forming machine through one operational cy- 
cle thereof, a second coil spring forming machine 
located on the other side of said predetermined 
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path, operable through a succession of operational 
cycles to form a second coil spring, and, when said 
one pallet is in said loading station and during a pe- 
riod of non-movement of said conveyor assembly, 
to load the second coil spring on said conveyor as- s 
sembly in said loading station, and including a sec- 
ond coil spring forming servo-motor operative, upon 
each energization thereof, to drive said second coil 
spring forming machine through one operational cy- 
cle thereof, and a control system operative to auto- io 
matically and non-selectively cause energization of 
said conveyor drive servo-motor through one oper- 
ational cycle in response to completion of one op- 
erational cycle of both of said first and second coil 
spring forming servo-motors, and operative to au- is 
tomaticalfy and non-selectively cause simultaneous 
energization of said first and second coil spring 
forming servo-motors in response to completion of 
one operational cycle of said conveyor drive servo- 
motor. 20 

13. An assembly in accordance with Claim 12 wherein 
said series of pallets are pivotally connected, ex- 
tend vertically when located in said loading station, 
and have a length which extends in the direction of 2S 
conveyor assembly travel and which is approxi- 
mately equal to twice the diameter of the coil 
springs. 

14. An assembly in accordance with Claim 12 wherein 30 
said first coil spring forming machine also includes 

a first coil spring forming head which is periodically 
operative to at least partially form coil springs and 
which also includes a first wire feed advancing 
mechanism, a first wire feed servo-driving device 35 
drivingly connected to said first wire feed advancing 
mechanism and being operative in response to op- 
eration of said conveyor drive servo-motor, a first 
pitch control tool, a first pitch control servo-driving 
device drivingly connected to said pitch control tool 40 
and being operative in response to operation of said 
first wire feed servo-driving device, a first diameter 
control tool, and a first diameter control servo-driv- 
ing device drivingly connected to said diameter con- 
trol tool and being operative in response to opera- 45 
Won of said first wire feed servo-driving device, and 
wherein said second coil spring forming machine al- 
so includes a second coil spring forming head which 
is periodically operative to at least partially form coil 
springs and which includes a second wire feed ad- so 
vancing mechanism, a second wire feed servo-driv- 
ing device drivingly connected to said second wire 
feed advancing mechanism and being operative in ' 
response to operation of said conveyor drive servo- 
motor, a second pitch control tool, a second pitch ss 
control servo-driving device drivingly connected to 
said pitch control tool and being operative in re- 
sponse to operation of said second wire feed servo- 



driving device, a second diameter control tool, and 
a second diameter control servo-driving device driv- 
ingly connected to said diameter control tool and 
being operative in response to operation of said 
second wire feed servo-driving device. 

15. A coil spring forming machine and transfer convey- 
or assembly comprising a transfer conveyor opera- 
ble through a succession of operational cycles and 
including a single endless conveyor assembly ar- 
ranged for periodic travel along a predetermined 
path and for passage through a coil spring loading 
station, and including a series of pallets which are 
successively located in said loading station incident 
to periodic travel of said conveyor assembly on said 
predetermined path, and which, when located in 
said loading station, extend vertically, and a con- 
veyor drive servo-motor drivingly connected to said 
conveyor assembly and operative, upon each en- 
ergization thereof, to drive said conveyor assembly 
through one operational cycle thereof, a first coil 
spring forming machine located on one side of said 
predetermined path, operable through a succes- 
sion of operational cycles to form a first coil spring, 
and, when one of said pallets is in said loading sta- 
tion and during a period of non-movement of said 
conveyor assembly, to load said first coil spring on 
said conveyor assembly in said loading station, and 
including a first coil spring forming servo-motor op- 
erative, upon each energization thereof, to drive 
said first coil spring forming machine through one 
operational cycle thereof, a second coil spring form- 
ing machine located on the other side of said pre- 
determined path, operable through a succession of 
operational cycles to form a second coil spring, and, 
when said one pallet is in said loading station and 
during a period of non-movement of said conveyor 
assembly, to load said second coil spring on said 
conveyor assembly in said loading station, and in- 
cluding a second coil spring forming servo-motor 
operative, upon each energization thereof, to drive 
said second coil spring forming machine through 
one operational cycle thereof, and a control system 
operative to automatically and non-selectively 
cause energization of said conveyor drive servo- 
motor through a first operational cycle in response 
to completion of one operational cycle of said first 
coil spring forming servo-motor, operative to auto- 
matically and non-selectivery cause energization of 
said second coil spring forming servo-motor in re- 
sponse to completion of said first operational cycle 
of said conveyor drive servo-motor, operative to au- 
tomatically and non-selectively cause energization 
of said conveyor drive servo-motor through a sec- 
ond operational cycle in response to completion of 
one operational cycle of said second coil spring 
forming servo-motor, and operative to automatically 
and non-selectively cause energization of said first 
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coil spring forming servo-motor in response to com- 
pletion of said second operational cycle of said con- 
veyor drive servo-motor. 

16. An assembly in accordance with Claim 15 wherein 
said first coil spring forming machine also includes 
a first coil spring forming head which is periodically 
operative to at least partially form coil springs and 
which also includes a first wire feed advancing 
mechanism, a first wire feed servo-driving device 
drivingly connected to said first wire feed advancing 
mechanism and being operative in response to op- 
eration of said conveyor drive servo-motor a first 
pitch control tool, a first pitch control servo-driving 
device drivingly connected to said pitch control tool 
and being operative in response to operation of said 
first wire feed servo-driving device, a first diameter 
control tool, and a first diameter control servo-driv- 
ing device drivingly connected to said diameter con- 
trol tool and being operative in response to opera- 
tion of said first wire feed servo-driving device, and 
wherein said second coil spring forming machine al- 
so includes a second coil spring forming head which 
is periodically operative to at least partially form coil 
springs and which includes a second wire feed ad- 
vancing mechanism, a second wire feed servo-driv- 
ing device drivingly connected to said second wire 
feed advancing mechanism and being operative in 
response to operation of said conveyor drive servo- 
motor, a second pitch control tool, a second pitch 
control servo-driving device drivingly connected to 
said pitch control tool and being operative in re- 
sponse to operation of said second wire feed servo- 
driving device, a second diameter control tool, and 
a second diameter control servo-driving device driv- 
ingly connected to said diameter control tool and 
being operative in response to operation of said 
second wire feed servo-driving device. 

17. A coil spring forming machine and transfer convey- 
or assembly comprising a transfer conveyor opera- 
ble through a succession of operational cycles and 
including an endless conveyor assembly arranged 
for periodic travel along a predetermined path and 
through a coil spring loading station and including 
a plurality of pivotalty connected pallets each having 
a length which extends in the direction of conveyor 
assembly travel and which is approximately equal 
to a multiple of the diameter of the coil springs, and 
a conveyor drive servo-motor drivingly connected 
to said conveyor assembly and operative, upon 
each energization thereof, to drive said conveyor 
assembly through one operational cycle thereof, a 
coil spring forming machine located adjacent said 
predetermined path, operable through a succes- 
sion of operational cycles to form a first coil spring, 
and, during a period of non-movement of said con- 
veyor assembly, to load the first coil spring on said 



transfer conveyor, and including a coil spring form- 
ing servo-motor operative, upon each energization 
thereof, to drive said coil spring forming machine 
through one operational cycle thereof, and a control 

5 system operative to automatically and non-selec- 
tively cause energization of said conveyor drive ser- 
vo-motor in response to completion of one opera- 
tional cycle of said coil spring forming servo-motor, 
and, thereafter operative to automatically and non- 

io selectively cause energization of said coil spring 
forming servo-motor in response to completion of 
one operational cycle of said conveyor drive servo- 
motor. 

is 18. An assembly in accordance with Claim 17 wherein 
said coil spring forming machine also includes a coil 
spring forming head which is periodically operative 
to at least partially form coil springs and which also 
includes a wire feed advancing mechanism, a wire 
feed servo-driving device drivingly connected to 
said wire feed advancing mechanism and being op- 
erative in response to operation of said conveyor 
drive servo-motor, a pitch control tool, a pitch con- 
trol servo-driving device drivingly connected to said 
pitch control tool and being operative in response 
to operation of said wire feed servo-driving device, 
a diameter control tool, and a diameter control ser- 
vo-driving device drivingly connected to said diam- 
eter control tool and being operative in response to 
operation of said wipe feed servo-driving device. 

19. A coil spring forming machine and transfer convey- 
or assembly comprising a transfer conveyor opera- 
ble through a succession of operational cycles and 
including an endless conveyor assembly arranged 
for periodic travel along a predetermined path and 
through a coil spring loading station, and a conveyor 
drive servo-motor drivingly connected to said con- 
veyor assembly and operative, upon each ener- 
gization thereof, to drive said conveyor assembly 
through one operational cycle thereof, a first coil 
spring forming machine located adjacent said pre- 
determined path, operable through a succession of 
operational cycles to form coil springs, and, during 
a period of non-movement of said conveyor assem- 
bly, to load a coil spring on said transfer conveyor, 
and including a first coil spring forming servo-motor 
operative, upon each energization thereof, to drive 
said first coil spring forming machine through one 
operational cycle thereof, a second coil spring form- 
ing machine located adjacent said predetermined 
path, operable through a succession of operational 
cycles to form coil springs, and, during a period of 
non-movement of said conveyor assembly, to load 
a coil spring on said transfer conveyor, and includ- 
ing a second coil spring forming servo-motor oper- 
ative, upon each energization thereof, to drive said 
second coil spring forming machine through one op- 
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erational cycle thereof, and a control system includ- 
ing first and second counting and switching devices 
which are respectively connected to one of (a) said 
conveyor drive and (b) said first and second coil 
spring forming servo-motors, and which are respec- 
tively connectable to and disconnectable from the 
other of (a) said conveyor drive servo-motor, and 
(b) said first and second coil spring forming servo- 
motors, said first counting and switching device be- 
ing adjustable to select a desired number of suc- 
cessive operational cycles of said first coil spring 
forming machine, being operable to effect said se- 
lected desired number of successive operational 
cycles of said first coil spring forming machine by 
successive energization of said first coil spring 
forming servo-motor in response to each succes- 
sive completion of said selected desired number of 
operational cycles of said conveyor drive servo-mo- 
tor, being operable, upon completion of said select- 
ed desired number of operational cycles of said 
conveyor drive servo-motor, to cause disconnection 
of said conveyor drive servo-motor and said first 
counting and switching device and connection of 
said conveyor drive servo-motor and said second 
counting and switching device, and said second 
counting and switching device being adjustable to 
select a desired number of successive operational 
cycles of said second coil spring forming machine, 
being operable to effect said selected desired 
number of successive operational cycles of said 
second coil spring forming machine by successive 
energization of said second coil spring forming ser- 
vo-motor in response to each successive comple- 
tion of said selected desired number of operational 
cycles of said conveyor drive servo-motor, being 
operable, upon completion of said selected desired 
number of operational cycles of said conveyor drive 
servo-motor, to cause disconnection of said con- 
veyor drive servo-motor and said second counting 
and switching device and connection of said con- 
veyor drive servo-motor and said first counting and 
switching device. 
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trol tool and being operative in response to opera- 
tion of said first wire feed servo-driving device, and 
wherein said second coil spring forming machine al- 
so includes a second coil spring forming head which 
is periodically operative to at least partially form coil 
springs and which includes a second wire feed ad- 
vancing mechanism, a second wire feed servo-driv- 
ing device drivingly connected to said second wire 
feed advancing mechanism and being operative in 
response to operation of sard conveyor drive servo- 
motor, a second pitch control tool, a second pitch 
control servo-driving device drivingly connected to 
said pitch control tool and being operative in re- 
sponse to operation of said second wire feed servo- 
driving device, a second diameter control tool, and 
a second diameter control servo-driving device driv- 
ingly connected to said diameter control tool and 
being operative in response to operation of said 
second wire feed servo-driving device. 



20. An assembly in accordance with Claim 19 wherein 
said first coil spring forming machine also includes 
a first coil spring forming head which is periodically 
operative to at least partially form coil springs and 
which also includes a first wire feed advancing 
mechanism, a first wire feed servo-driving device 
drivingly connected to said first wire feed advancing 
mechanism and being operative in response to op- 
eration of said conveyor drive servo-motor, a first 
pitch control tool, a first pitch control servo-driving 
device drivingly connected to said pitch control tool 
and being operative in response to operation of said 
first wire feed servo-driving device, a first diameter 
control tool, and a first diameter control servo-driv- 
ing device drivingly connected to said diameter con- 
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(54) Coil spring forming and conveying assembly 



(57) Disclosed herein is a coil spring forming ma- 
chine and transfer conveyor assembly 141 comprising 
a transfer conveyor 121 operable through a succession 
of operational cycles and including an endless conveyor 
assembly and a conveyor drive servo-motor drivingly 
connected to the conveyor assembly and operative, up- 
on each energisation thereof, to drive the conveyor as- 
sembly through one operational cycle thereof a first coil 
spring forming machine 113 located on one side of the 
predetermined path, operable through a succession of 
operational cycles, and including a first coil spring form- 
ing head and a first coil spring forming servo-motor driv- 
ingly connected to the first coil spring forming head and 
operative, upon each energisation thereof, to drive the 
first coil spring forming machine through one operational 
cycle thereof, a second coil spring forming machine 115 



located on the other side of the predetermined path, op- 
erable through a succession of operational cycles, and 
including a second coil spring forming head and a sec- 
ond coil spring forming servo-motor drivingly connected 
to the second coil spring forming head and operative, 
upon each energisation thereof, to drive the second coil 
spring forming machine through one operational cycle 
thereof, and a control system 1 35 operative to automat- 
ically and non-selective ly cause energisation of the con- 
veyor drive servo-motor in response to completion of 
one operational cycle of one of the first and second coil 
spring forming servo- molors : and operative to automat- 
ically and non-selectively cause energisation of one of 
the first and second coil spring forming servo-motors in 
response to completion of one operational cycle of the 
conveyor drive servo-motor. 
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